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Scientific  director  —  Professor  P.  D.  Gori zontov, 
corresponding  member  of  the  Academy  of  Medical  Sciences 
USSR. 

For  the  purpose  of  treating  radiation  injury  various 
agents  have  been  used  among  which  a  definite  place  has  been 
given  to  hematopoietic  stimulants.  We  had  the  tasx  of 
testing  out  myelocytotoxic  serum  (MGS)  In  experiments  on 
aoBstleoause  it  is  well  known  that  in  small  doses  It  exerts 
a  definite  stimulating  effect  on  hematopolesi a  ^ffi£lly 
and  in  anemias  of  various  origin,  xhe  possibility  has  not 
been  excluded  either  of  a  more  extensive  effect  of  U  on 
other  organs  and  systems  of  the  body. 

MGS  was  prepared  by  means  of  immunizing  rabbits  with 
dog  bone  marrow*.  The  titer  of  specific 

serum  obtained  varied  from  1  i  150  to  1  .1200.  The  titer 
of  hemolysins  with  respect  to  the  dog  erythrocytes  was 
1  *  S  to  1  :  12.5.  For  the  purpose  of  proving  the  specifi¬ 
city  of  the  MCS  a  number  of  serological  studies  were  made 
(complement-fixation  reaction  with  specific  and  nonspecific 
antigens,  the  complement-fixation  reaction  following  adsorp- 
tlon' of  MCS  with  specific  and  nonspecific  antigens,  the 
reaction  of  dissolving  cells).  The  biological  activity  of 

various  doses  of  MCS  (0.05,  0.1  and  1  cubic  tS^S^^The 
gram)  was  shown  in  experiments  on  seven  healthy  dogs.  The  ; 
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I data  obtained  are  in  agreement  with  the  data  in  the  literal 
ture  (2,  3,  4  and  others). 

In  the  analysis  of  investigations  on  the  application 
of  i arre  doses  of  MCS  in  healthy  animals  (5,  o,  8,  11  an^. 
oL;Sf  as  well  as  the  results  of  our  own  experience 
attention  has  been  directed  to  a  certain  similarity  in  one 
ft JSt  Of  alargcdose  of  MCS  and  of  ionizing  radiation  on 
hematopoiesis.  This  similarity  is  expressed  in  the 
A  occurrence  of  a  pronounced  leukopenia,  in  a 

the  total  number  of  erythrocytes  and  J?  *Slr5St5£?  of  cells 
the  nerinheral  blood,  an  increase  in  the  percentage  or  eeus 

Sundina  state  of  degeneration,  the  occurrence  of  degen- 
CTatlw  forms  of  niutrlphlH  !  ohromatlnolysis ,  hypooteoma- 
SSi’tfrttor.).  After  the  Injection! >  >■ 

MCS,  as  in  radiation  sickness,  a  notabxe  loss  of  nuoleau 
elements  in  the  bone  marrow  was  observed,  with  a  disturbanc 
of  the  normal  interrelationship  between  tne  < ^Sereaeein 
elements  and  the  myeloid  elements  oecause  of  an  increase  In 
the  •Dolvchroaatophillc  normoolasos.  In  our  opinion, 
factPmay  be  of  a  certain  significance  in  ^eretandlng  the 
pathogenetic  mechanism  of  development  of  hematological 
changes  in  radiation  sickness. 

The  work  was  carried  out  on  38  dogs  exposed  to  a 
total-body  single  effect  of  X-rays  (doseso?  5°0  * **.*&>* ' 
and  to  fractional  effects  from  doses  of  10  and  20  r  a  y 
until  a  total  dose  of  500  r  had  been  received. 

A  single  irradiation  of  the  dogs  was  accomplished  on 
an  aggregate  three-tube  apparatus  with  a  tube  ^ol^e 
180  kv,  a  current  of  20  m&,  filters  of  0.5  ma  Cu  and  one  mm 
of  Alj  distance  from  the  axis  of  the  tubes  g 

the  trunk  of  the  dog,  90  centimeters;  dose 
r/min.  In  the  case  of  fractional  irradiation  ™"J  £ 
apparatus  was  used;  the  voltage  at  the  tube  and  filters  was 
the  same.  The  current  was  15  ®a;  the  distance  from  the  an 
to "the  center  of  the  dog’s  trunk  was  140  centimeters,  the 
dose  rate,  2—3*2  r/min. 

Clinical  manifestations  of  radiation  sickness  were 

found  in  all  the  dogs.  B®f^®irr^w  ?AtSRd1 7th  20th 
a  pft^r  it  (on  the  fifth,  10th,  14th,  Ijbh,  2uva, 

25th,  30th,  35th,  40th  and  45th  days  In  the  case  of  acute 

radiation  sickness  and  once  a  week  in  the  case  of  fract  n- 

al  l?radLtlo“  a  total  blood  analysis  was  ^.  Sternal 

marrow  ptonctures  were  made  less  often.  .JJ.^to^eiekneas 
50th  and  45th  day  in  the  case  of  acute  radiation  sickness 

and  once  or  twice  a  month  in  the  case  of  fractional 
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Irradiation. 

ThA  application  of  MGS  In  acute  radiation  sickness 
/  A  eon  rV  ealcui  at  In?  0.01  cubic  centimeter/kliogram 

Infeotlon  sud  °  4"^? 

trttb  intravenous  injection  on  the  secern*  tnixu.  ana 
fount h'dav  after  Irradiation  did  not  prevent  the  develop¬ 
ment  "of  leukopenia  and  even  aggravated  the  course  of  the 
disease  somewhat.  Evidence  of  this  was  the  shorter  latent 

period  of  the  disease,  the  acceleration  of  acath  of  the  . 

tr»°ted  dogs,  the  occurrence  Qa  a  considerable  percentage 
ofjilsma  toils  of  the  myeloid  series  »«h  pycnotle  rnelex 
In  the  peripheral  blood. 

In  checking  the  data  of  the  pervious  experiment  with 
a  neduetjon  of  the  dose  to  400  r  we  obtained  s-m-l&r  re- 

suits.  Therefore,  the  application  of  MCS  in  !J^4°cont?a- 
the  early  stage  of  the  disease  should  be  considers  centra 

indicated. 

The  use  of  such  hematopoietic  stimulants  as  cytotoxic 
in  iobablv  effective  at  later  stages  of  radiation 
sXnJssf  2 a time  when  the  first  eigne  of  blood  regenera- 
tion  have  already  appeared. 

In  subs«ouent  experiments  with  the  acute  effect  of 
X—ravs  fhOO  r) /the  time  of  administration  of  the  serum  was 
postponed  to  the  end  of  the  second  and  beginning  of  the 
third  week  of  the  sickness  (11th*  13th»  16 th  day 
experiment ) ,  at  a  time,  according  to  hematological  anu 
pathological  data,  regenerative  phenomena  occur  in t 
marrow.  The  dose  of  serum  administered  in  .,his  ^nd  i 
subseouent  experiments  was  0.01  cuoic  centime  ©/  f ft »r> 

with  a  titer  of  the  specific  antibodies  of  1  t  400.  After 
injecting  the  MCS  on  the  11th,  13th  and  16 th  day 
irradiation  a  somewhat  more  rapid  recovery  of  the  .otal 
number  of  leukocytes  was  observed  by  comparison  wxtftth 
controls  (Figure  1),  a  certain  increase  in  the  pere.n tage 
of  vounv  forms  of  myeloid  series,  beginning  wix-h  «ne  <ww 
rtftv" of  the  experiment;  the  absence  of  predominance  f - 

ciunt  oyer  th.  neutrophil l  count  which 

In  ?hlSSmSr  of  reticulocytes  (up  to  15-85  per  thousand) 
on  the  25th- 30th  day. 

After  a  daily  fractional  irradiation  using  20  r 
per  day  for  a  month  until  the  time  a  wotal  dose  of  50 
was  received,  where  the  hematopoietic  disturbances 
developed  gradually  and  are  not  so  deep-seated,  as  in  acute 
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lotion  sickness,  MCS  was  used  in  two  series  of  experi- 
ments  In  the  first  series  the  serum  was  injected  lnoo 
five  dove  a  week  after  concluding  triple  Irradiation  at 
Intervals  of  two  days.  In  the  treated  dogs  a^more  rapid 
recovery  was  observed  in  the  erythrocyte  count  (by- uhe Juoh 
jr,  the  controls,  by  the  120th  day)*  an  earlier  noim«li 
aation'of  the  ratio  of  the  erythroblastic  to  the  . 
elements  (by  the  56th  day;  in  the  controls,  by  the  120^ 

day).  u 


) 


<? 


Days 


Figure  1.  Change  in  the  Total 
Leukocyte  Count  (in  Percentages  of 
the  Original }  in  Control  Dogs  and 
in  Those  Treated  with  MGS  After 
Irradiation  (400  r). 

1  —  Treated;  2  control. 


In  the  second  series  the  serum  was  injected  into 
three  dogs  during  the  process  of  continuing  ?8th 

after  they  had  received  a  total  dose  of  j03  r  (on  th 
22nd  and  26th  days  of  the  experiment).  In  all  three 
treated  dogs  the  anemia  was  much  more  PJ0J0^ceA  |S- 

the  control  dogs.  The  erythrocyte  count  decreased  by  2j 

58  percent  from  the  original  At  the 

dogs  the  maximum  reduction  amounted  to  2^  percen  .  _ 

height  of  the  relative  erythrocytopenia (on  the  29on-o6t_. 
Ldayt  a  polkilocytoisls  was  observed  with  anisoeytosis  f  __ 
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fthe  erythrocytes  with  the  appearance  of  polyehromatophllio~l 
macroeytes.  Beginning  with  the  21st  day  after  the  onset  of 
irradiation  the  appearance  of  a  shift  to  the  left  in  the 

differential  const  down  to  the  «?nS°Sifc h 

ley  el  was  noted  in  the  dogs  treatea  wiuh^MGS  a 

reduction  in  the  total  number  of  leufcoeyc.es  to  67-89  pot ~ 
cent  of  the  original  level.  At  the  end  of  the  irradiation 
period  (28th  day)  the  content  of  erythroblastic  elements 
in  the  bone  marrow  increased  somewhat  in  comparison  with 
-jthe  myeloid  elements  (index  of  ratio  of  erythroblastic 
elements  to  myeloid  elements  0.82-1.56;.  However,  in 
treated  with  MGS,  in  contrast  to  the  controls,  the  number 
of  regenerative  forms  in  both  of  the  red  ana  white  series 
net  only  did  not  decrease  but,  on  the  other  hand,  even 
increased  by  comparison  with  the  original  data.  There  was 
also  an  Increase  in  the  number  of  cells  snowing  nuclear 
division  (Figure  2).  However,  the  activation  of  hemato¬ 
poiesis  was  briefs  by  the  56th  day  a  marked  acti„ 

occurred  in  the  young  forms  and  a  decrease  in  mitotic  actl 

vity . 


t- 


Figure  2.  Microphotograph  From 
Bone  Marrow  Smear  of  Experimental 
Bog  In  Second  Series  on  the  28th 
Bay.  There  are  many  formed  elements 
in  the  smear.  Cells  are  seen  showing  nuclear  division 
(a,  b,  c)  and  which  are  actively  phagocytic  Id).  j 
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Th<*  third  series  of  experiments  was  performed  on  seven 
dogs  (four  treated  and  three  control).  The  dose  of  irrad¬ 
iation  given  each  time  was  reduced  to  10  r;  the  total  dose 
remained  as  before,  500  r;  the  MCS  was  injected  five  times 
after  "the  total  dose  of  .300  r  had  been  attained  (on  the 
37th  40th  4 3rd,  46th  and  50th  days).  In  addition,  the 
dogs  *  were  given  multiple  vitamins  in  the  JJdlatio  find  dur- 

Sfthe  SoSrsfof  it.  (One  dragee  contains  the  following 
TrUetrins*  k  1250  units ,  Bi  and  B2  ©ach  in  a  aose  of  0*5 
milligrams;  C,  10  milligrams;  D,  250  units;  PP  (nicotinic 
acid)  3  milligrams). 

The  change  in  the  dose  of  irradiation  given  each 
time  from  10  to  20  r,  without  changing  the  tot al^nirect ion 
of  the  hematopoietic  reaction  to  the  effect  of  ionizing 
radiation,  produced  a  lesser  degree  of  reduction  in  the 
various  peripheral  blood  indices.  Thus,  af*er  a  daily 
fractional,  irradiation  in  a  dose  cf  10  r  per  a  ay  uno^l  a 
tntrl  dose  of  500  r  had  been  received  the  maximum  reduction 
if  SedtSa  e^hroojte  count  in  the  control  dogs  did  not 
exceed  12  percent,  that  is,  it  actually  fitted  witnin  tne 
framework  of  normal  variations.  The  reduction  in  the  total 
leukocyte  count  reached  46-73  percent  of  the  original  level. 
With  a  dose  of  20  r  each  time  the  reauction  ~n  «n-  total 
erythrocyte  count  amounted  to  29  percent.  The  leukopenia 
was  more  severe  (total  leukocyte  count  fel-*-  uy  o^-9  P-  ~ 
cent ) . 

At  the  same  time,  in  the  treated  dogs  which  had  been 
civen  multiple  vitamins  and  ECS  the  reduction  in  the 
erythrocytes  and  leukocytes  during  Irradiation  were  some¬ 
what  less  pronounced  than,  in  the  control  animals.  Appa¬ 
rently  the  prolonged  administration  of  multiple  vitamin*- 
was  of  definite  importance,  which  was  also  confirmed  oy 
the  results  of  an  additional  control  experiment  on  four 
dogs.  The  MCS,  used  against  a  background  of  a  less  severe 
injury  to  hematopoiesis,  probably  provided  a  more  rapid 
recovery  not  only  of  the  erythrocytes  but  also  of  the 
leukocytes  (Figure  3)* 
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Injection  of  MCS 


*>/c  / 


Figure  3.  Change  in  the  Total ^ Leukocyte 
Count  in  Dogs  of  tho  Third  oori^s* 

T^e  two 'straight  parallel  horizontal  axes 
show  the  limits  of  variation  in  wne 
leukocyte  count  before  teginnin&  'he 
exoeriment .  'The  arrows  in  the  horizontal 
axis  show  the  period  of  irradiation,  -ne 
heavv  line  shows  the  change  in  '-he 
average  number  of  leukocytes  for  the  e>roap 
of  dogs  treated  with  MCS;  the  oroxen  1-ne , 
for»  the  group  of  pure  controls  (irradia¬ 
tion  alone  ) ;  the  solid  thin  l^^he 
groun  of  controls  which  haw.  been  &iien 
SSSipll  vita-mlns.  Ihe  dots  arid  crosses 
represent  individual  data  foi  h-*lw 
leukocyte  count  in  the  treated  and  con¬ 
trol  animals  respectively. 


Based,  on  what 


has  been  presented  there  are  grounds 

,  * -hr*  belief  that  MGS  exerts  an  influence  on  the 

ieleration  of  the  processes  of  tl  bi00d 
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Tappearanca  of  immature  forms "down  to  the  myeloblast  level  1 
in  the  peripheral  blood. 

It  mat  be  supposed  that  MGS  exerts  an  effect  al?° 
on  the  JntewelatlomAip  between  the  “Jlow_ 

r-MofSSgf Soae^f 

-I the  erythroblastic  and  myeloid  elements  in  the  dll  ccp 
of  an  increase  in  the  former  was  od served  in  the 

If  S  LpSite  on  aoSf  fillowlr^,  .  Jtagl.  "**«** ££*■ 

irradiation  the  injection  of  KOS  in  atimulating  doses  pro- 
a  more  rabid  normalization  Qa  the  altered  rati 
erythroblastic  to  myeloid  elements  in  comparison  with  the 
controls. 

A  similar  conclusion  concerning  the 
on  the  acceleration  of  maturation  processes- of  oellula 
elements  la  the  bone  marrow  and  a  normalisation  of  tne  ratio 

in  erythroblastic  to  myeloid  elements  ©an13® E  Favnshteyn 
the  results  of  the  resoaieh  e  •  ^ 

X“of2  increase  in  the  poroentase  of  erytteobiasts 

and  normoblasts.  After  the  use  ^Sies  was  ob~ 

duction  in  the  cells  of  the  erythroblastic  seiies  was 

served. 

Conclusions 

I  *he  injection  of  KGS  into  dogs  in  a  dose  of  0.01 

cubic  oentimeter/kllogram  on  ^LerSes 

a  single  total-body  irradiation  (400  and  500  r)  impoverisnea 

the  heiBs/topoistic  process* 

o  The  use  of  MCS  in  acute  radiation  sickness  (dose 
of  400  r*on  the  11th,  13th  and  16th  day  of  the  experiment  ■ 
cplculating  0.01  cubic  centimeter/kilogram)  ex&rte  a  ®^igh 
on  the  acceleration  of  the  recovery  of  the  total 

leukocyte  count  and  an  increase  in  the  Jay^ 

forms  of  the  myeloid  series,  beginning  with  the  <,0th  day 

after  irradiation. 

3#  Injection  of  MCS  three  times  in  a  dose  of  0.01  j 


icubic  centimeter/kilogram  a  week  after  concluding  the 
fractional  Irradiation  (in  a  dose  of  20  r  per  day  and  a 
total  dose  of  500  r)  produces  a  more  rapid  recovery  in  total 
erythrocyte  count  of  treated  dogs,  the  earlier  normalization 
of  the  ratio  of  erythroblastic  to  myeloid  elements. 

4.  The  use  of  MGS  in  fractional  irradiation  with  a 
dose  O't  20  r  oar  day  after  a  total  dose  of  300  r  has  been 
received  produces  signs  of  overstimulation  of  myelocyto-  , 

ipoiesis  and  more  deep-seated  disturbances  of  erythrocyto-  r 
poiesis  during  the  process  of  continuing  irradiation. 

5.  The  injection  of  HCS  against  a  background  of  a 
less  severe  injury  to  hematopoiesis  (with,  a  fractional 
Irradiation  in  a  dose  of  10  r  per  day  and  a  total  of  500  r 
and  a  nrolonged  administration  of  multiple  vitamins)  Dr-n^s 
about  a  more  rapid  normalization  of  the  hematopoietic 
processes  in  experimental  dogs* 

6.  The  intravenous  injection  of  MGS  in  a  dose  of 
one  cubic  centimeter/kilogram  produces  changes  in  the  hema¬ 
topoietic  system  in  healthy  dogs  which  superficially  re¬ 
semble  the  changes  in  acute  radiation  sickness. 
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